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Ar aryl 芳基 
br broad 宽峰 
cAAC cyclic (alkyl) (amino)carbene 氮杂环烷基胺基卡宾 
Cp cyclopentadienyl 环戊二烯基 
Cp* pentamethylcyclopentadienyl 五甲基环戊二烯基 
d doublet 双重峰 
Et ethyl 乙基 
Fc ferrocenyl 二茂铁基 
iPr ipropyl 异丙基 
m multiplet 多重峰 
m meta 间位 
Me methyl 甲基 
Mes mesityl 2,4,6-三甲基苯基 
Mp Melting point 熔点 
nBu n-butyl 正丁基 
NHC N-heterocyclic carbene 氮杂环卡宾 
o ortho 邻位 
p para 对位 
Ph phenyl 苯基 
ppm Part per million /百万 
q quartet 四重峰 
s singlet 单峰 
sept septet 七重峰 
t triplet 三重峰 

























1. cAAC 稳定的中性铝自由基化合物的合成与理论研究 
通过氮杂环烷基胺基卡宾 cAAC 与 AlCl3 的反应制备了卡宾加合物 cAAC–
AlCl3（1），并以此为前驱体，与当量的 cAAC 和过量的 KC8反应，成功地制备
出室温下可以稳定存在的单中心中性铝自由基化合物(cAAC)2AlCl2（2）。实验表
明，反应过程中温度的精确控制以及两倍量还原剂的使用是合成 2 的关键。EPR
测试和理论计算表明，化合物 2 中的未成对电子主要分布在 cAAC 的卡宾碳上，
少量分布在铝中心。这是首次合成的单金属中心的中性铝自由基分子。 
2. 采用归中反应制备不对称取代的 Al–Al 键化合物及其理论研究 
Al(III)化合物 cAAC:→AlX3 [X = Cl (1), I (4)]和 Al(I)化合物 LAl: (L = 
HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3)经过归中反应，生成 Al−Al 键化合物




有机配体稳定的铝单羟基化合物 LAl(R)OH (L = HC[C(Me)N(Ar)]2, Ar = 
2,6-iPr2C6H3, R = Me, Et)与(CuMes)4反应生成了热力学和动力学稳定的铝氧铜异

















以 1:1 的比例在 70 oC 反应生成八核铜的产物[LAl(OCu·MesCu)2]2（11）。这些
化合物的生成揭示了 Al-O-Cu 基元的动力学自组装化学。 
4. 有机配体稳定的铝硫币族金属化合物的合成与表征 
首次利用铝硫醇 LAl(SH)2 (L = HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3)为前驱
体，与(CuMes)4、(AgMes)4 反应得到相应的铝硫铜[LAl(SCu)2]2（12）和铝硫银
[LAl(SAg)2]4（13）化合物，并在该体系中合成分离了多硫铝化合物 LAlS6（14）
和 LAlS4 （15），以及铝硫磷杂环化合物 LAl(μ-S)2PNMe2（16）。化合物 12 和
13 是首例含币族金属的有机铝硫化合物。多硫铝化合物 LAlS6（14）和 LAlS4（15）
是理论预测，经本实验首次成功捕捉到的。 
5. 有机配体稳定的铝硒铜、铝硒锌化合物的合成与性能表征 
直接利用铝硒氢 LAl(SeH)2 (L = HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3)为前驱
体，分别与(MesCu)4和 ZnEt2的反应得到了有机铝硒铜[LAl(SeCu)2]2（17）和铝
硒锌化合物[(LAlSe2)2Zn3Et2]（18）。化合物 17 和 18 中分别含有多核金属硒簇
Al2Se4Cu4 和 Al2Se4Zn3。该实验结果提供了一种新的合成含铝异金属有机硒化物
的方法。 
6. 有机配体稳定的 Ge=Te 键化合物的合成与亲核反应研究 
合成了系列 β-二亚胺配体稳定的锗宾 L(R)Ge [R = Me (19), Cp (20), 
C≡CFc (21)和 C≡CPh (22)]，通过与碲粉的反应制备了系列 Ge=Te 化合物
L(R)Ge=Te [R = Me (23), Cp (24), C≡CFc (25)和 C≡CPh (26)]。实验结果表
明 Ge 中心键联基团的电子效应对反应的发生有着决定性的影响。化合物
24 与 GeCl2∙dioxane 发生亲核配位反应生成 L(Cp)Ge=Te(GeCl2)（27），
L(Me)Ge=E (E =S, Se)与 AuC6F5反应则生成了 L(Me)Ge=E(AuC6F5) (E = S 


















Organoaluminum chemistry has been a significant and exciting area of Main 
group chemistry, due to its widespread application in both fundamental and industrial 
fields. Organoaluminum complexes with the Al center standing at low oxidation states, 
are considered as important intermediates in redox reactions. The synthesis of such 
species is still a challenge for experimental chemists. Organometallic alumoxanes and 
the chalcogen derivatives also play an important role in the aluminum chemistry. 
Germanium and aluminum fall in the diagonal position in the periodic table, and 
various research have been performed on germylenes. This dissertation focuses on the 
synthesis and reactivity of organometallic complexes containing multivalent 
aluminum and germanium, and six sections have been carried out and shown as 
follows:  
1. Synthesis and theoretical studies on neutral aluminum radical complex stabilized by 
cAAC 
The neutral radical (cAAC)2AlCl2 (2) was synthesized by reduction of the 
cAAC-AlCl3 (1) adduct with excess amount of KC8 in the presence of another 
equivalent of cAAC. The temperature range and excess amount of reduction reagent 
appeared to be crucial in this reaction. EPR measurement and theoretical calculations 
indicate that the delocalized unpaired electron is mainly located at the carbene carbon 
atoms, while a smaller contribution is from the aluminum center. This is the first 
example of a neutral radical with only one Al center. 
2. Synthesis and theoretical studies on asymmetric substituted Al-Al complexes via 
comproportionation 
The reaction of LAl: (L = HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3) with 
cAAC:→AlX3 [X = Cl (1), I (4)] resulted in asymmetric Al(II)–Al(II) complexes 
















dialuminum(II) complexes the two Al atoms bear different ligand environments, not 
only in respect of the different ligands but also according to the amount of 
coordinated halogen atoms. An applicable synthetic pathway for asymmetric 
Al(II)−Al(II) complexes was developed. 
3. Synthesis and characterization of soluble copper alumoxanes 
Reactions of (CuMes)4 with aluminum monohydride LAl(R)OH (L = 
HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3, R = Me, Et) afforded the thermodynamically 
and kinetically stable Cu(I) alumoxane [LAl(R)OCu·MesCu]2 [R = Me (8), Et (9)]. 
Moreover, the reaction of the aluminum dihydroxide LAl(OH)2 with (CuMes)4 in a 
2:1 ratio gave the same derivative [LAl(OH)OCu·MesCu]2 (10), and the reaction of 
(CuMes)4 andd LAl(OH)2 in a 1:1 ratio, which was carried out at 70
 o
C, resulted in the 
formation of the dimeric octanuclear Cu(I) complex [LAl(OCu·MesCu)2]2 (11). These 
complexes demonstrate the potential assembling of Al-O-Cu prisms with sizable 
cavities. 
4. Synthesis and characterization of coinage aluminum sulfur species 
The heterobimetallic cluster [LAl(SCu)2]2 (12) and [LAl(SAg)2]4 (13) was 
prepared for the first time by the reaction of aluminum-dithiol LAl(SH)2 (L = 
HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3) with (CuMes)4 and (AgMes)4, respectively. In 
addition, stable aluminum polysufides LAlS6 (14) and LAlS4 (15), as well as the 
heterocyclic complex LAl(μ-S)2PNMe2 (16), were also isolated from the system. 
Complexes 12 and 13 are the first examples of the coinage metals containing 
aluminum and sulfur. Meanwhile, for the first time the aluminum polysulfides species 
are obtained, which have only been studied by theoretical calculations before.  
5. Synthesis and characterization of cuprous and zincous aluminum selenides 
The aluminum-copper and aluminum-zinc selenides [LAl(SeCu)2]2 (17) and 
[(LAlSe2)2Zn3Et2] (18) were prepared by the reaction of LAl(SeH)2 with (MesCu)4 
















Al2Se4Cu4 and Al2Se4Zn3, respectively, which exhibit unique metal-organic 
frameworks. This paves a new pathway to the synthesis of aluminum-containing 
heterobimetallic selenides. 
6. Synthesis and nucleophilic coordination reaction of germanetellurones 
A series of β-diketiminato ligand stabilized germylenes L(R)Ge [R = Me (19), 
Cp (20), C≡CFc (21) and C≡CPh (22)] were prepared. Further reactions of the 
germylenes with Te powder leaded to germanetellurones L(R)Ge=Te [R = Me (23), 
Cp (24), C≡CFc (25) and C≡CPh (26)]. The results indicate that the electronic effect 
of the substituted group binding to Ge center has significant influence on this reaction. 
Moreover, the reaction of 24 with GeCl2∙dioxane resulted in L(Cp)Ge=Te(GeCl2) (27), 
and reaction of L(Me)Ge=E (E =S, Se) with AuC6F5 formed L(Me)Ge=E(AuC6F5) (E 
= S (28), Se (29)), respectively. 
Key words: Organoaluminum complexes; Germylenes; Synthesis and 



















泛 存 在 于 云 母 （ KAl2(AlSi3O10)(OH)2 ）、 长 石 （ K2Al2Si6O16 ）、 高岭 石
（2SiO2·Al2O3·2H2O）、明矾（KAl(SO4)2·12H2O）、铝土矿等岩石和矿物中
[1]。在
1827 年，德国化学家 Friedrich Wöhler 利用金属钾还原 AlCl3，首次成功地制备
了纯的铝单质[2]。随着铝矾土（Al2O3）和冰晶石（Na2AlF6）共熔电解工艺的发
展[3]，金属铝的大规模生产成为可能。到了 1859 年，Hallwachs 和 Schafarik 利用
铝单质和碘乙烷反应，制得了倍半碘乙基铝（EtAlI2+Et2AlI），这是首个有机铝














化学性质在一定程度上具有相似性。早在 1869 年，Mendeleev 就根据元素周期
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